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ST]MMARY
This study was aimed at a detailed investigation of thiol metabolism in higher plant
species, as affected by foliar application of hydrogen sulfide. In chapter 1, a brief
general overview of the literature on sulfur nutrition and sulfur metabolism iri higher
plants is presented. In addition, the scope of the present research is outlined.
Chapter 2 reports on the effects of light on the responses of the thiol pool in
spinach leaves to direct applications of different forms of sulfur. Analysis of the
composition of the free thiol pool in untreated spinach leaves showed that the
tripeptide glutathione was the predominant free thiol present, both in the light and in
darkness. However, when the normal regulation mechanisms of sulfate uptake and
translocation were bypassed by direct exposure of leaf tissue to sulfur (both in oxidized
and reduced form), considerable amounts of cysteine and y-glutamylcysteine
accumulated in addition to glutathione. y-Glutamylcysteine accumulated to a large
extent upon exposure to HrS in darkness, and rapidly disappeared again upon subse-
quent re-illumination. It was therefore hypothesized that a light-dependent supply of
glycine is needed to complete the synthesis of glutathione.
This hypothesis was tested in feeding experiments with detached spinach leaves
(chapter 3). By supplying a specific inhibitor of y-glutamylcysteine synthetase to the
petioles of the leaves, it was demonstrated that 1-glutamylcysteine accumulated as a
metabolic precursor of glutathione. In addition, it was shown that the supply of glycine
to the petioles of detached spinach leaves exposed to H2S in the dark nearly completely
prevented the accumulation of y-glutamylcysteine. At the same time, glutathione
accumulation was increased. Metabolic precursors of glycine in the glycolate pathway
had nearly the same effect, whereas the supply of other amino acids was much less
effective. or not effective at all.
The effects of light on HrS-induced thiol accumulation, described for spinach
leaves, were shown to occur also in other higher plant species (chapter 4). Four crop
species, expected to posess a thiol metabolism with characteristics similar to spinach, all
showed y-glutamylcysteine accumulation in response to HrS in the dark, but not in the
light. Three leguminous species, containing homoglutathione instead of glutathione,
were also included in this study. In all three species, y-glutamylcysteine accumulated
both in the light and in darkness in response to HrS. Since the glutathione analogue
homoglutathione does not contain a glycine moiety, accumulation of y-glutamylcysteine
in these species was indeed expected to be independent of illumination. It was demon-
strated that y-glutamylcysteine accumulation in detached soybean tops could be
prevented by the addition of exogenous p-alanine, while glycine was ineffective in this
respect.
The observation that next to glutathione, several other thiols accumulated upon
exposure to HrS, indicated the need to examine short-term thiol accumulation in
spinach leaves exposed to HrS in more detail (chapter 5). A time course showed that in
the light, cysteine and glutathione accumulated simultaneously. In the dark, free thiol
accumulation was mainly due to a simultaneous increase of cysteine and y-
glutamylcysteine contents. Thiol levels reached a new steady state within 24 h. Similarly,
upon cessation of the HrS-exposure, cysteine and glutathione levels returned to control
values simultaneously. Ao exception was y-glutamylcysteine; in the light, this thiol
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remained at an undetectable level throughout the time course, whereas upon il-
lumination, ï-glutamylcysteine accumulated in the dark was rapidly converted to
glutathione. These results demonstrate that in leaves exposed to HrS, the thiol pool is
not regulated within narrow limits. This conclusion casts considerable doubt upon the
concept that glutathione has a specific role as a temporary storage compound in the
maintainance of low cellular levels of cysteine.
The effect of the availability of amino acid substrates for the synthesis of thiol
compounds was further elaborated in chapter 6. This study focused on the effects of
feeding O-acetylserine to the petioles of detached spinach leaves on the rate of HrS
metabolization. In agreement with previous reports, the inÍIux of HrS into the leaves at
an atmospheric concentration of 0.25 p,l l-1 was found to be mainly limited by stomatal
conductance. At this HrS concentration, the supply of O-acetylserine had little effect. By
contrast, at 0.75 ril f1 H2S the inÍlux was limited by the internal resistance of the leaves.
At this higher HrS level, the addition of exogenous O-acetylserine substantially incre-
ased the influx of HrS. In all cases, a large proportion of the absorbed HrS could be
recovered in the free thiol pool. These results demonstrate that the inÍlux of HrS into
spinach leaves is determined by a metabolic process, probably involving cysteine
synthase.
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